Microfluidics is a hot topic and one we have previously written about in this column. We have covered everything from microchips to rethinking the glucometer. Recently, we rediscovered a 2011 report (1 ) that takes the ideas behind microfluidics-manually or passively manipulating a fluid, particularly to identify what is in it-and suggests applying new knowledge we have about the ever-familiar "coffee ring effect" to clinical needs. The researchers' disarmingly simple idea is what we tackle here.
What Is the Innovation?
"In conventional microfluidics, a bulky, external pressure source is often required to push the fluid through the microscale channels to control fluid motion. To separate particles in a fluid, microfabricated structures within the channels are needed," says Tak Sing Wong, a postdoctoral fellow at the Wyss Institute for Biologically Inspired Engineering at Harvard University.
"We thought to ourselves whether some of the process could be simplified," says Wong, who was a postdoctoral scholar at UCLA in the laboratory of Dr. Chih-Ming Ho when the work was published. He chose to focus on ways to separate micro-or nanoparticles within a fluid that do not require either an external pump or microfabricated structures.
A discovery by Thomas Witten and colleagues about capillary flow in coffee rings, first discussed in 1997 in Nature (2 ) , made engineers Wong and Ho wonder if the simple hydrodynamic forces at work in an evaporating droplet might be harnessed.
The coffee ring effect, as many know, refers to the phenomenon in which a drop of particulatefilled liquid pings onto a surface and upon settling begins to evaporate, during which all of the evenly distributed particles are ferried from the interior of the droplet to the edge. Left behind when all the liquid has evaporated is a crusty ring of particles and a clear center.
"But what was less known," says Wong, "was what happened at the edge of the particle." So, the investigators zoomed in and saw that all of the action was at the edge of the droplet, and although the edge looked messy, the particles were actually arranging themselves in organized ringlets, lining up according to size. The smallest particles were in ringlets nearest the very edge, and the larger particles were isolated in ringlets nearer the center. After this discovery, Wong and colleagues became the first to demonstrate that the coffee ring effect could be used to separate particles, such as biological cells, microorganisms, and proteins.
How Does It Work?
For the coffee ring effect to work, the droplet itself must be pinned to the surface, and the droplet itself must evaporate. "With that, there will be hydrodynamic force transferring any particle from center to ringlet," says Wong.
When a particle is pinned to the surface, it forms a convex meniscus, which forms a wedge shape out at the contact line where the slope of the meniscus meets the surface. Much like small children, who can run into spaces smaller than adults can enter, small particles are able to flow out toward the contact line and squeeze into the smallest area of the wedge that is no larger than their diameter.
The investigators have demonstrated this principle with colloid droplets containing polystyrene particles between 20 nm and 2 m in diameter. They were able to show a separation distance on the order of tens of micrometers between a ring of 40-nm particles and a ring of 1-m particles.
The key is evaporation. "As long as a drop evaporates, particles move to edge and separate by size," says Wong. And evaporation is rapid at the droplet sizes he studies. At an ambient humidity and temperature, a 100-m droplet evaporates in half a second.
Where Can This Technology Fit in the Laboratory?
The investigators performed a proof-of-concept study in which they were able to separate IgG antibodies (Ͻ10 nm), Escherichia coli cells (approximately 500 nm), and cells of B-cell lymphoma (approximately 5 m) from a water suspension. As predicted from the particles' relative sizes, the antibodies formed the outermost ring, followed by the E. coli cells and the lymphoma cells in the inner rings.
We asked Dr. Jason Park, Director of the Advanced Diagnostics Laboratory at Children's Medical Center and Assistant Professor of Pathology at the University of Texas Southwestern Medical Center in Dallas, for his views on this technology. "Like any emerging analytical technology, there will be challenges to determine the clinical applicability of this novel phenomenon. However, this study elegantly demonstrates a method of analyte separation within liquid phase that requires no external mechanical intervention," he writes in an e-mail, referring to the study published by Wong et al. (1 ) .
"This work is literally at the edge of the nano and microscale, and the immediate clinical possibilities to be tested include any applications that require the separation of particles," Park adds, highlighting the novelty of separation based on the size of particles relative to the angle of the droplet surface and its contacting surface, instead of the surface affinity that controls separation in gas, liquid, and paper chromatography technologies commonly used in the clinical laboratory.
Park provides 2 concrete examples of where this technology could be used. One could be an immunoassay in which droplets are formed between serum and particle-labeled target antibodies, are evaporated on a surface, and then are used to detect zones of bound target. Frederick Haselton and colleagues at Vanderbilt University have demonstrated a proof of concept for detecting Plasmodium falciparum by evaporating a droplet of a solution containing mixed particles (3 ). The second example is a DNA-based PCR test in which droplet evaporation is used instead of separating PCR products through a semisolid matrix.
According to Park, if the described technique for separating particles across a range of tens of nanometers to tens of micrometers is reproducible, it might even become an alternative to common microfluidic separation. He does see 2 major challenges-analytical performance and cost-that have yet to be addressed. "Detecting the separation of particles by the present method still requires an analytical device for detecting size differences and quantification. The analytical device may range from the unaided human eye to a fluorescence microscope," he says. "If the assay targeted for replacement is a urine dipstick or other inexpensive technology, such as disposable lateral-flow assay, then the cost of the existing assay may be too low to allow for this new method to be competitive."
Where does he feel this technology could have the greatest value in the clinical laboratory? "Nanochromatography may find a role in areas such as genomics or proteomics," says Park. He believes the evolving nature of these fields makes them more adaptable to new methods. "Two routes for developing this technology are to continue to replicate existing analytical methods and to solve existing analytical problems that do not have a current method," he adds. The optical fluorescence image shows stains produced by the coffee ring effect. Well-separated 40-nm (green), 1-m (red), and 2-m (blue) particles are apparent after evaporation of a liquid droplet. Image courtesy of Tak Sing Wong.
